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ABSTRACT
Computational fluid dynamics modeling was completed on the coal combustion to be 
implemented at Jimah Coal Fired Power Plant. The model was created in the Design 
Modeler and exported to computational fluid dynamics software called FLUENT. 
Non-premixed combustion model was chosen for coal combustion in order to better 
understand about the combustion and emissions from the process. Coal is used as a 
fuel in the combustion. The fuels were modeled with an empirical formula for coal 
from proximate and ultimate analyses. In FLUENT solver, coal contains species such 
as carbon, hydrogen, nitrogen, oxygen and sulfur. The oxidant use of the combustion 
process consists of 79% of oxygen and 21% of nitrogen. The measurement of mercury 
emissions in stack gas has an average value of 8.5 pg/Nm3. The mercury removal 
efficiency of the plant is 99.32% that shows the reduction of the mercury emissions 
due to the co-benefit of the electrostatic precipitator and flue gas desulfiirization. The 
measured value of mercury concentration at the outlet of the furnace is 1250 pg/Nm3. 
The model was tested to predict the temperature and species distribution from the coal 
combustion. The model is a 2-D furnace geometry with a width of 15.3 m and height 
of 48.5 m. The model has 5731 nodes and 5554 elements. The standard k-e model was 
used for turbulence model. Besides that, mercury as a pollutant emission also had 
been predicted from the model as a post-processing from the combustion. From the 
simulation results, the distribution of the flue gases such as carbon dioxide, carbon 
monoxide, water and oxygen can be observed. The temperature of the furnace is 
higher in the combustion zone and decreased when flows upward towards the outlet of 
the furnace. The three models of mercury had been implemented in Fluent that consist 
of One Step Model, Two Step Model and Detailed Wilcox Model. Besides that, the 
distribution of mercury products such as Hg, HgCl and HgCh show its behavior in the 
furnace. When comparing with the measurement at the outlet of the furnace, the 
Detailed Wilcox Model has given more accurate value with 1270 pg/Nm3, while One 
Step Model and Two Step Model give reasonably predicted values of 1000 pg/Nm3 
and 1100 pg/Nm3 respectively.
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CHAPTER ONE 
INTRODUCTION
1.1 BACKGROUND OF THE PROBLEM
Coal is a carbon rich rock formed by the decay of plants and trees over 
250-300 million years through what is known as coalification process. Coal is 
abundant and widely dispersed geographically. Figure 1.1 shows the world energy 
consumption from different sources in 2012. From the figure, oil, coal and natural gas 
represent about 87% of global energy consumption. The highest energy consumption 
is from oil that accounted for 33.1% of energy consumption in the world. Coal with 
29.9% of world energy consumption has become second leading world energy 
consumption but the first energy source in electricity generation [1], Then, it followed 
by natural gas that accounted 23.9% of world energy consumption. As stated by 
International Energy Agency, 2013, the global coal consumption is expected to 
increase and will be continued increase for the incoming future [2]. Besides that, coal 
is mainly used in electricity generation due to its availability and low price. However, 
many problems had arisen from combustion of this fuel where pollutants are released. 
One of the pollutants that released from coal combustion is mercury.
Mercury has caused a global concern due to its dangerous effect to human 
health and environment [3]. Mercury has been an issue after the tragedy of methyl 
mercury poisoning, known as Minamata Disease in the mid 1950s to 1960s. The first 
Minamata Disease occur at Minamata City, Kumamoto Prefecture, Japan in 1956, and 
followed by the disease at Niigata City, Niigata Prefecture, Japan, in 1965 [4], 
Mercury was used as catalyst in the production of acetaldehyde. In this process, the 
methyl mercury was generated. The symptoms include ataxia, numbness in the hands 
and feet, and narrowing of the field of vision.
Mercury is highly toxic and exposure to it can affect human reproductive, 
developmental, immunological, neurological and endocrine systems. Mercury is 
present in large quantity at the disposal of mercury containing products such as paints, 
thermometer, alkaline batteries and fluorescent lamps. Nevertheless, mercury is also 
present in smaller quantity in coal. Mercury concentrations in coals vary from 0.02 to
1.5 ppm [5].
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